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We report on experimental observations of flow induced large amplitude dust-acoustic shock waves (DASW)
in a complex plasma. The experiments have been carried out in a Π shaped DC glow discharge experimental
device using kaolin particles as the dust component in a background of Argon plasma. A strong supersonic
flow of the dust fluid is induced by adjusting the pumping speed and neutral gas flow into the device. An
isolated copper wire mounted on the cathode acts as a potential barrier to the flow of dust particles. A sudden
change of gas flow rate is used to trigger the onset of high velocity dust acoustic shocks whose dynamics are
captured by fast video pictures of the evolving structures. The physical characteristics of these shocks are
delineated through a parametric scan of their dynamical properties over a range of flow speeds and potential
hill heights. The observed evolution of the shock waves and their propagation characteristics are found to
compare well with model numerical results based on a modified Korteweg-de-Vries-Burgers type equation.
I. INTRODUCTION
A dusty (or complex) plasma consists of a suspension
of small (nanometer to micrometer sized) dust grains in a
conventional two component electron-ion plasma. These
heavy dust particles embedded in the plasma environ-
ment normally become negatively charged by collecting
more electrons than ions. In laboratory devices that em-
ploy electrodes to generate the plasma the dust parti-
cles levitate in the boundary region of the plasma sheath
formed at the cathode. An equilibrium dust layer re-
sults from a balance between the forces exerted by the
sheath electric field (pulling the dust upwards) and grav-
ity (pulling the dust downwards). Such an equilibium
when perturbed can give rise to collective oscillations in
the dust cloud. Due to the small charge to mass ratio of
the dust particles compared to that of electrons and ions,
the time scales of dust dynamics are comparatively much
longer and easier to track visually. Thus dusty plasmas
have provided an excellent medium for investigating such
processes as phase transitions and also for exploring col-
lective excitations in its gaseous, liquid and solid state
manifestations1,2. There is a rich literature available on
the study of linear and non-linear modes and coherent
structures in a complex plasma such as dust-ion-acoustic
(DIA) waves3, dust-acoustic (DA) waves4, dust lattice
(DL) waves5, dust Coulomb waves6, dust voids7 and
vortices8. Among them, the DIA solitary waves, the DA
solitary waves, the DL solitary waves, Dust ion-acoustic
shock waves (DIASW)9 and Dust-acoustic shock waves
(DASW)10 are very important nonlinear waves which
have been extensively studied both theoretically11–15,
and experimentally16–18 over the past couple of decades.
Shock waves constitute a special class of nonlinear
waves in the form of propagating discontinuous distur-
bances that are characterized by sharp jumps in veloc-
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ity, pressure, temperature and density across a narrow
front. They occur in a variety of neutral media such
as in gases19, fluids20 and solids21. They have also ob-
served in space during the early stages of strar foma-
tion and the interaction of the magnetic fields of Earth
and the solar wind. In plasma medium, they can be ex-
cited when a large amplitude mode propagates in the
presence of strong dissipation such as due to collisions
with neutrals, viscosity or Landau damping22,23. The
dynamics of shock waves have also been studied in com-
plex (dusty) plasmas both theoretically as well as exper-
imentally. In a weakly coupled dusty plasma kinematic
viscosity24 arising from dust-ion collisions and the pres-
ence of dust charge fluctuations25 have been identified
as two important dissipation sources contributing to the
formation of shock waves. In a strongly coupled dusty
plasma, on the other hand, the shear and bulk viscosities
play an important role in the formation of monotonic and
oscillatory dust acoustic shock waves26,27. Samsonovet
al.28 were the first to report an experimental observation
of shock formation in a rf produced 3D complex plasma
under microgravity conditions in the PKE-Nefedov de-
vice. In that experiment, a sudden gas pulse from an
electromagnetic valve was used to excite the shock waves.
Soon after, Fortov et al.29 reported the propagation of
compressional shock waves in a dusty plasma in which
an impulse of axial magnetic field was used to excite
dust acoustic shock fronts. In 2009, Heinrichet al.30 ob-
served the repeated occurence of self-excited dust acous-
tic shock waves (DASWs) in a DC glow discharge dusty
plasma. The shocks were generated when the dust cloud
went through two slits separated by a very small dis-
tance. Nakamura et al.31 in 2012, reported the exper-
imental observation of a bow shock like formation in a
two-dimensional complex plasma due to the super-sonic
flow of charged microparticles through a stationary ob-
ject. More recently, Usachev et al.32 have experimentally
investigated the formation and dissipation of an exter-
nally excited planar dust acoustic shock wave in a three-
dimensional uniform dust cloud under the microgravity
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To the best of our knowledge, there has not been any
detailed experimental observation of flow induced exci-
tation of dust acoustic shock waves and its propagation
characteristic with the different perturbation strength in
terms of flow velocity and hill height. In this paper, we
have experimentally investigated neutral flow driven ex-
citation and propagation characteristics of shock waves
in a DC glow discharge dusty plasma in the background
of Ar. gas. The experiments have been carried out in a
versatile table-top Dusty Plasma Experimental (DPEx)
device which is described in detail elsewhere33. The flow
of the dust fluid is induced by suddenly reducing the
neutral gas flow rate (by creating a density gradient).
An isolated copper wire has been used to create an elec-
trostatic potential hill that acts as an obstruction to the
flow of dust fluid. As a result, the particles are accu-
mulated at the base of the potential hill created by the
wire which later leads to the formation of shock fronts.
A detailed characterization of the propagation character-
istics of these structures is made by changing the height
of the potential hill and the background gas flow rate.
Our experimental results are compared to model calcula-
tions carried out on a KdV-Burger type equation that is
derived from the Generalized Hydrodynamic model equa-
tions and found to be in good agreement with the theo-
retical predictions.
The paper is organized as follows. In the next section
(Sec. II), we describe our experimental set-up. In Sec. III,
we present our experimental results on the shock excita-
tion and a detailed characterization of their dynamics. A
theoretical description based on the model KdV-Burger
equation is presented in sec. IV and a comparison is made
with the experimental findings. Sec. V provides a sum-
mary of our work and some concluding discussion and
observations.
II. EXPERIMENTAL SET-UP
Our experiments have been performed in a Dusty
Plasma Experimental (DPEx) device shown schemati-
cally in Fig. 1. For a detailed description of the experi-
mental device the reader is referred to Ref.33. The vac-
uum chamber is a Π-shaped glass tube with several axial
and radial ports for different purposes. A stainless steel
(SS) disc electrode of 3 cm diameter (insulated with ce-
ramic from the back side), located at the left arm of the
Π-tube, serves as an anode whereas a grounded SS tray of
40 cm × 6.1 cm × 0.2 cm is placed on the connecting tube
and used as a cathode. A couple of SS strips are placed
approximately 25 cms apart on the cathode to confine
the dust particles in the axial direction by means of their
sheath electric fields. A copper wire of 1 mm diameter,
insulated by ceramic beads, is mounted in between these
two strips at a height of 1 cm from the cathode. Normally
the wire is kept at the floating potential but there is a
provision to make the wire acquire a ground potential. In
fact, we are able to adjust the potential of the wire to dif-
ferent potential levels by connecting a variable resistance
ranging from 10 kΩ to 10 MΩ as shown in Fig. 1.
To create the dusty plasma, micron sized kaolin parti-
cles (with a size dispersion ranging from 2 to 6 microns)
are sprinkled on the cathode tray before closing the ex-
perimental device. The experimental chamber is evacu-
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FIG. 1. A schematic of the Dusty Plasma Experimental
(DPEx) Device. T: grounded cathode tray, R: variable resis-
tance to change the height of the potential hill.
ated to a base pressure of 10−3 mbar by a rotary pump.
Argon gas is then flushed into the chamber through a
mass flow controller (which can be used to control the
flow rate of neutral gas very precisely) and then pumped
down to the base pressure. This process is repeated sev-
eral times to avoid any kind of impurity in the plasma.
Finally the background pressure is set to a working pres-
sure of P = 0.110 − 0.120 mbar by adjusting the pump-
ing speed and the gas flow rate. In this condition, the
gate valve (connected on the mouth of the pump) is ap-
proximately opened to 20% and the mass flow controller
is opened to 10% (corresponding to flow rate of 27.5
mls/min) to maintain a constant pressure. The direct
current (DC) glow discharge plasma is then produced
in between the anode and the grounded cathode by ap-
plying a voltage, Va = 400 V. The applied voltage is
then reduced to 360 − 370 V at a discharge current of
Ip ∼ 4 mA. The plasma parameters such as ion density
(ni), electron temperature (Te) and plasma/floating po-
tentials are initially measured using single Langmuir and
emissive probes in the absence of dust particles. The typ-
ical experimentally measured values of these plasma pa-
rameters are ni ≈ 1015 m−3, Te ≈ 4− 5 eV. The ions are
assumed to be at room temperature i.e., Ti ≈ 0.03 eV34.
For the given discharge voltage of 370 V, a dense dust
cloud is found to levitate near the cathode sheath bound-
ary. The levitated dust particles are illuminated by a red
diode laser and the scattered light from the dust cloud
is captured by a fast CCD camera (130 fps) with 1000
pixels × 225 pixel resolution. From the analysis of the
video images the dust density (nd0) and temperature (Td)
3are estimated to be nd ≈ 1011 m−3 and 0.6 − 1.5 eV 33.
The average dust mass is md ≈ 10−14 − 10−13 kg and
the average charge on a dust particle (inferred from
the plasma parameters and the particle size) is approx-
imately Qd ≈ 104e. The electron density is obtained
from the quasi-neutrality condition by taking account of
the dust contribution. Based on these values the typical
magnitude of the linear phase velocity of a dust acoustic
wave (DAW) for our experimental conditions turns out
to be vph ∼ 4− 5 cm/sec. Using these plasma and dusty
plasma parameters, the screened Coulomb coupling pa-
rameter, Γ =
Q2d
4pi0dKTd
exp(−κ)35, is estimated as ∼ 109
for a screening parameter of κ = d/λi ∼ 3.9, where
d ∼ 168 µm is the inter-particle distance, Td = 1.2 eV
and λi ∼ 43 µm is the ion Debye screening length.
To start with we adjust the pumping speed and the
gas flow rate in a precise manner to achieve a stationary
dust cloud in the region to the right of the wire mounted
over the cathode. This equilibrium state is achieved at
∼ 10% opening of the mass flow controller and ∼ 20%
opening of the gate valve. Now when we change the gas
flow rate near the gas feeding port (P1) as shown in
Fig. 1, the particles are found to move either towards the
direction of the pump (in case of decreasing flow rate)
or away from the pump (in case of increasing flow rate).
A detailed study on the flow generation techniques
has been reported elsewhere33. In the present set of
experiments, the flow of the dust fluid over the wire is
generated by reducing the gas flow rate in steps of 1%
which corresponds to 2.75 mls/min.
III. EXCITATION OF SHOCK WAVES AND ITS
CHARACTERIZATION
As discussed in the previous section, the trapped sta-
tionary dust cloud is allowed to flow from right to left
by reducing the neutral gas flow rate suddenly from its
equilibrium condition for a time duration less than a sec-
ond. When this change of background gas flow rate is
very small (e.g. when the opening of mass flow controller
changes from 10% to 5% or less), it is found that the dust
fluid simply flows over the potential hill created by the
floating wire with the grounded wire merely creating a
hindrance in the path of the particle flow. Fig. 2 shows
snap shots of particle flow in the Y-Z plane when the wire
is grounded (Fig. 2(a)) and when the wire is allowed to be
at the floating potential (Fig. 2(b)). The profiles of the
particle trajectories in these two different situations are
seen to closely follow the potential profiles created by the
wire. It can be seen that the height of the potential hill is
reduced significantly when the wire potential is switched
from the ground potential to a floating potential.
Fig. 3 depicts the flow of dust fluid over the floating
wire in X-Z plane when the background gas flow rate is
changed from 10% to 2% (27.5 mls/min to 5.50 mls/min)
in a time less than a second. The dashed line represents
(a) (b)z
y
FIG. 2. Potential profile for the a) grounded wire b) floating
wire. The height of the potential hill decreases considerably
when the wire is switched to floating potential from grounded
potential.
Z
X
Wire 10 mm
FIG. 3. Dust fluid flow over the floating wire when the flow
rate difference is 8%. Dashed line represents the location of
the wire.
the location of the wire. Since the wire is at the float-
ing potential, which is approximately equal to the surface
potential of the dust, the dust fluid does not feel the pres-
ence of the wire and hence it simply exhibits streamline
flow over the wire in the entire range of flow rate change.
To excite the dust acoustic shock waves36,37, the wire
is kept at the ground potential. The sheath around the
wire acts as a potential barrier (or hill) to the flowing
dust fluid. The dust fluid is then forced to flow over
the potential hill by reducing the gas flow rate suddenly
from 10% (27.75 mls/min) to below 5% (13.75 mls/min)
at point P1. Due to the sudden decrease of neutral den-
sity at point P1, the neutrals rush towards this point
from all directions to attain a homogeneous equilibrium
neutral density. As a result, the dust particles (carried
by the neutrals) are also found to flow towards the pump
with a supersonic velocity33. The potential hill created
by the wire opposes the free motion of the particles, re-
sulting in a compression of the dust cloud near its base.
10 mm
(a)
X
Z Wire
Wire 10 mm
X
Z
(b)
FIG. 4. Typical image of (a) Transition stage and (b) Oscil-
latory shock wave fronts.
4Consequently it leads to a sudden density jump near the
wire which subsequently expands and form a shock that
is found to propagate in the direction of the fluid flow.
The transient stage of density accumulation is shown in
fig. 4(a). Afterwords with the evolution of time, this
transition is transformed into a dispersive DASW by the
creation of compression and rarefaction in the dust den-
sity near the wire.
Fig. 4(b) displays a typical image of the curved dis-
persive shock fronts. The range of discharge parameters
where the waves get triggered is P = 0.10 − 0.12 mbar,
Va ∼ 360− 370 V and Ip ∼ 4 mA. It is also worth men-
tioning that there exists a threshold (13.75 mls/min.) in
the difference of gas flow rate below which the DASWs
do not get triggered, because in that case, the fluid flow
remains subsonic.
0 10 20 300
100
200
300
400
500
600
700
800
900
1000
Position(mm)
Pi
xe
l I
nt
en
si
ty
(a
rb
.)
0.0 ms
7.7 ms
15.4 ms
160.3 ms
167.9 ms
175.5 ms
183.2 ms
190.8 ms
198.4 ms
FIG. 5. (Color online) Time evolution of oscillatory dust
acoustic shock fronts. The ‘0’ position in the plot corresponds
to the position of the wire connected to the ground. Top most
plot (t=198.4 ms) corresponds to the Fig. 4(b).
Fig. 5 shows the time evolution of a dispersive DASW.
Wire Vwg = 3Volt
Vwg = 43Volt
Vwg = 96Volt
Vwg = 165Volt
(a)
(b)
(c)
(d)
FIG. 6. (Color online) Images of shock waves for different
values of potential hill for a) 3 Volt, b) 43 Volt, c) 96 Volt,
d) 165 Volt. Vwg is the potential of the wire with respect to
the grounded cathode. The dashed line is representing the
position of the wire which acts as potential hill for the flow of
dust fluid.
The ‘0’ position represents the location of the wire. As
discussed above, it can be seen from the figure that due to
sudden jump of dust density near the wire (as seen from
the first three curves of Fig. 5), a shock wave is generated
and later (after ∼ 70 ms, although in the figure the time
evolution is shown after 160 ms when the small fluctu-
ations in the dust density fully converts into the shock
fronts) a small oscillation develops near the base of the
potential hill which grows with time and evolves into an
oscillatory shock front. As a result, the pulse grows in
amplitude as it propagates towards the wire and after
crossing the wire the amplitude of the pulse decreases
whereas the width increases. Depending upon the dis-
charge condition and the change of gas flow rate the dis-
persive dust acoustic shock propagate with a velocity in
the range of 10− 20 cm/sec.
In addition to the threshold in the flow rate, there is
also a threshold in the height of the potential hill above
which shock waves get triggered. Fig. 6 shows the flow
of the dust fluid over the wire for different heights of the
potential hill. A resistance bank of variable resistance
from 10 kΩ to 10 MΩ, connected between the wire and
the ground, is used to change the height of the potential
hill. By drawing current through different combinations
of resistances one can change the height of the potential
hill (Vwg). As is well known, dust particles at equilibrium
5do not draw a net current (Ie = Ii), which implies that
they have nearly the same potential as that of the floating
wire. Therefore, when the dust fluid flows over the float-
ing (Vf = Vwp ∼ 250 V) wire it barely feels the presence
of a potential hill whereas it experiences the maximum
obstruction from the potential hill when it flows over the
grounded wire (Vwp = 0 V). Fig. 6(a) shows the excita-
tion of shock waves when the potential of the wire is 3
V which is approximately the value of the ground poten-
tial. If the wire potential with respect to ground keeps
on increasing towards the floating potential the dust fluid
faces a smaller and smaller hindrance in its path of flow.
Fig. 6(b) shows that the number of shock fronts decreases
(from five to three) with the decrease of the height of the
potential hill. If we increase the wire potential further
with respect to ground (hence decrease the height of the
potential hill), we find a threshold value beyond which we
could not excite DASWs. In our experiments the thresh-
old value is found to be ∼ 50 V. If the wire potential is
increased further (see Fig. 6(c)), the structures becomes
unstable and break up into turbulence. In Fig. 6(d), the
potential of the wire is 165 V, which is quite far from the
floating potential but sufficiently large such that poten-
tial hill over the wire is very small and therefore inca-
pable of exciting shock waves. Consequently we observe
an almost streamline motion of the dust particles over
the wire.
The characteristics of the observed shock waves have
been studied by measuring their amplitudes (∆nd/nd0)
as well as the thicknesses (δw) of the leading pulses of
dispersive shock fronts when the small fluctuations in the
dust density are completely transformed into oscillatory
shock fronts. These shock parameters are obtained by
following the technique used by Heinrich et al.30 and An-
nibaldi et al.38. The amplitude which is also proportional
to ∆I/Iavg is calculated from the measured pixel intensi-
ties I, where ∆I (= Imax−Iavg) is the difference between
the maximum intensity (Imax) of the leading shock front
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FIG. 7. (Color online) Variation of amplitude (∗) and shock
thickness (o) of a leading oscillatory shock front with position.
In this set of experiments the change of flow rate is 19.25
ml/min.
from its average value (Iavg). The shock thickness (δw)
is defined as the difference between the steep edge point
and the peak point of a crest. Fig. 7 shows the varia-
tion of amplitude (indicated by ‘∗’) and shock thickness
(indicated by ‘o’) of oscillatory DASWs with position.
The ‘0’ level in the figure corresponds to the position of
the wire which is taken as reference point for the propa-
gation of dispersive dust acoustic shock waves (DASW).
It can be seen in the figure that the shock amplitude
follows approximately a linear decay whereas the thick-
ness increases as the shock front propagates away from
the wire. The amplitude fall off is a possible evidence of
dissipation within the shock which is similar to that ob-
served in the gas dynamic shocks and can be attributed
to the effects of viscosity28,30.
IV. COMPARISON OF EXPERIMENTAL
OBSERVATIONS WITH THEORETICAL MODELING
RESULTS
In this section, the time evolution of large amplitude
dust acoustic shock waves obtained in experiments is
compared with analytical solutions of a model Korteweg-
de Vries-Burgers (K-dV-Burgers) type equation26 that is
relevant for strongly coupled dusty plasmas. To derive
such an equation, we consider an unmagnetized strongly
coupled dusty plasma whose constituents are electrons,
ions, and negatively charged massive dust grains. The
charge neutrality condition at equilibrium for such a sys-
tem is given by ni0 = Zdnd0 + ne0, where ni0, nd0 and
ne0 are the unperturbed ion, dust, and electron number
densities, respectively, and Zd is the number of charges
residing on the dust grain surface. The lighter ion and
electron species can be described by Boltzmann distri-
butions at temperatures Ti and Te respectively and are
coupled weakly to each other due to their higher tem-
pratures and smaller electric charges. The dust grains of
mass md, on the other hand, are strongly coupled to each
other because of their lower temperature (Td) and larger
electric charge (Qd = Zde). Considering a weakly colli-
sional dusty plasma (νdnτm → 0), the dynamics of the
nonlinear DAWs in such a strongly coupled dusty plasma
can be well described by the generalized hydrodynamic
(GH) model39, whose governing equations are given by,
∂nd
∂t
+
∂
∂x
(ndud) = 0, (1)
Dtud + νdnud − ∂φ
∂x
=
ηl
nd
∂2ud
∂x2
, (2)
∂2φ
∂x2
= nd + αee
σφ−αie−φ. (3)
where nd is the instantaneous dust density normalized
by its equilibrium value nd0, ud is the dust fluid ve-
locity normalized by the dust acoustic speed Cd =
(ZdTi/md)
1/2, φ is the electrostatic wave potential nor-
malized by Ti/e. The constants quantities are defined as,
αe = ne0/Zdnd0, αi = ni0/Zdnd0 and σ = Ti/Te. The
6time and space variables are in units of the dust plasma
period τd = (md/4pind0Z
2
de
2)1/2 and the Debye length
λDd = (Ti/4piZdnd0e
2)1/2, respectively and Dt = ∂/∂t+
ud∂/∂x. Furthermore, νdn is the dust-neutral collision
frequency normalized by the dust plasma frequency τ−1d
and τm is the relaxation time. The combined viscosity
can be expressed as, ηl = (τd/mdnd0λ
2
Dd)[ηt + (4/3)ζt],
26
where ηt and ζt represent shear and bulk viscosities.
To derive the K-dV-Burgers equation, we have used
the reductive perturbation technique with the stretched
coordinates
ξ = 1/2(x− v0t), (4)
τ = 3/2t. (5)
where  is the smallness parameter measuring the weak-
ness of the amplitude or dispersion and v0 is the wave
phase velocity (normalized by Cd). In the expansion of
variables nd, ud and φ, we include the equilibrium flow
velocity (i.e. the terminal velocity33) of fluid ud0 at
the equilibrium condition in accordance with our exper-
iments. The variables can be expanded as
nd= 1 + n
(1)
d + 
2n
(2)
d + ..., (6)
ud= ud0 + u
(1)
d + 
2u
(2)
d + ..., (7)
φ = φ(1) + 2φ(2) + ..., (8)
ηl= 
1/2η0. (9)
where η0 is the kinematic viscosity
26.
Substituting Eq. (4)-(9) into Eq. (1)-(3), we obtain from
the equation of the lowest order in ,
u
(1)
d =
−φ(1)
(v0 − ud0) (10)
n
(1)
d =
−φ(1)
(v0 − ud0)2 (11)
v0 = ud0 +
1
(σαe + αi)1/2
. (12)
Using the expressions obtained from the first order calcu-
lation we get the following equation from the next lowest
order of :
A−1
∂φ(1)
∂τ
+ φ(1)
∂φ(1)
∂ξ
+ β
∂3φ(1)
∂ξ3
= µ
∂2φ(1)
∂ξ2
(13)
where the constants are give by the following expressions,
δ = − 3
(v0 − ud0)4 − σ
2αe + αi
A = δ(v0 − ud0)3/2
µ = η0/[δ(v0 − ud0)3]
β = 1/δ
To obtain a stationary solution of the K-dV Burgers
equation we further transform to a frame defined by
ζ = ξ − U0τ , and τ = τ . Eqn.(13) can then be inte-
grated once and converted to,
β
∂2φ(1)
∂ζ2
− µ∂φ
(1)
∂ζ
+
1
2
[φ(1)]2 − U0
A
φ(1) = 0 (14)
A monotonic shock wave is formed when the dissipation
term (second term of Eqn.(14)) dominates over the dis-
persion term (first term of Eqn.(14)). In this case the
solution of Eq. (14) can be expressed as :
φ(1) =
U0
A
[
1− tanh
(
U0
2Aµ
(ξ − U0τ)
)]
. (15)
where, U0, φ0 = U0/A and ∆ = Aµ/U0 are the speed,
height and thickness of the shock fronts, respectively. It
is worth mentioning that for a given µ, if the amplitude
of the shock front decreases the shock thickness increases
and vice versa. It is also to be noted that if µ is extremely
small, the shock will have an oscillatory profile in which
the first few oscillation at the wave front will be close to
a solitonic form27. There exists a critical value of dissipa-
tion coefficient µ that determines whether a monotonic
or an oscillatory shock solution26 is formed. This criti-
cal value of µ, as determined from the theoretical model,
is µc = (4βU0/A)
1/2. The shock wave has a monotonic
profile for µ2 > µ2c and an oscillatory profile for µ
2 < µ2c .
For µ2 < µ2c , the oscillatory solution is given as
φ(1) = ϕ+ Cexp
(
Zµ
2β
)
cos
(
Z
√
U0
Aβ
)
(16)
where, Z = ξ − U0τ and C is a constant. It should
be noted that for a weakly collisional dusty plasma
(νdnτm →0), we have δ < 0, which corresponds to A< 0,
µ < 0, and β < 0.
For the completeness of this study, we now make an
attempt to compare qualitatively the results obtained in
experiments with the analytical results we get by solv-
ing the the KdV-Burgers equation. For this comparison,
the experimentally measured plasma and dusty plasma
parameters are used to estimate the constants associ-
ated with KdV-Burgers equation. For the given values
of discharge and plasma parameters in our experiments,
the coefficients of KdV-Burgers equation come out to be
δ = −1.36, A = −0.85, β = −0.73 and µ = −0.12. The
kinematic viscosity at Γ ∼ 109 is taken as η0 = 0.240
as in the experiments of Nakamura et al.41. This highly
viscous dusty plasma fluid (due to the strong coupling
between the particles) provides necessary dissipation in
the medium to form stable shock fronts. As the mag-
nitude of fluid velocity determines the strength of the
perturbation in the dust medium, hence this flow also
plays an important role to determine the shape and size
of the shock structure. The analytical solutions (Eq. 16)
of KdV-Burgers equation for ud0 = 8 cm/sec at η0 = 0.2
is plotted in Fig. 8(a). It shows the oscillatory shock
fronts appear when there is a sudden jump of perturbed
dust density. Similar trend of shock fronts have also been
7observed in our experiments (as shown in Fig. 8(b)) when
the background intensity is subtracted from raw data. In
addition, it is also found that when the fluid flow is in-
creased further (not shown in the figure), the velocity as
well as the amplitude of the shock waves increase whereas
the width decreases which essentially shows a clear sig-
nature of nonlinearity in the structure. This amplitude-
width relationship is also revealed from experimental ob-
servation which is shown in the Fig. 7.
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FIG. 8. (Color online) Nature of shock waves find a) the-
oretically and b) experimentally. The analytical results are
plotted for fluid velocity 8 cm/sec and η = 0.2.
The above agreement in the nature of the experimen-
tal observations and the theoretical results suggests that
the Generalized-Hydrodynamic model39 is able to cap-
ture the essential underlying dynamics governing the for-
mation of these shock structures both in terms of the ex-
istence and observed trend in the variation of the ampli-
tude and thicknesses of the shock structures. The model
however falls short of providing an accurate quantitative
measure of the shock thickness - the experimental values
are about 5 to 10 times higher than the theoretical val-
ues. This mismatch indicates that some additional dissi-
pation processes other than the dissipation due to strong
correlation between the particles could be playing a role
in the experimental situation and needs to be incorpo-
rated in the model. Since in our experiments we excite
the shock waves by introducing a strong neutral gas flow,
this additional dissipation could come from dust-neutral
collisions which have been neglected in the model. The
shock thickness in such a case can be approximately equal
to the dust-neutral collision mean free path28,30 and can
be defined as δw = λdn = udo/νdn. The dust-neutral
collision frequency (νdn) can be obtained from the stan-
dard relation for the Epstein42 drag. For a pressure of
0.12 mbar and dust radius a = 2 µm, νdn turns out for
for our experimental conditions to be ∼ 18s−1. The typ-
ical shock thicknesses, based on the above parameters,
are then found to be δw ∼ 3.6 mm for udo = 6.5 cm/sec
which is quite close to the experimental values shown in
Fig. 5 and Fig. 7.
V. CONCLUSION
In conclusion, we have experimentally demonstrated
the formation of dispersive shock waves in DPEx device
by generating a flow of dust fluid over a grounded wire.
The flow of dust fluid is initiated by sudden reduction of
mass flow rate of neutral gas. This instantaneous change
of flow rate creates a dust density jump near the po-
tential hill, created by the grounded wire. Eventually
this jump of density propagates in the form of oscilla-
tory shock fronts. The propagation characteristics of
these oscillatory shock structures have been character-
ized thoroughly by varying the strength of the potential
hill and the gas flow rate at a constant discharge param-
eters. The amplitude of the shock fronts decays whereas
the shock thickness increases when it propagates away
from the wire. The nature of shock waves become tur-
bulent through a intermediate state when the height of
the potential hill reduces to a small value (i.e., when the
potential of the wire changes from being grounded to
being floating). It is also observed that there exists a
threshold of the height of the potential hill below which
the shock waves could not be excited. A Generalized
Hydrodynamic equation has been used to model the ex-
perimental observation of shock formation by accounting
for the effect of dust-dust interaction in the form of vis-
cosity and to derive a KdV-Burgers equation including
the effect of flow velocity. This model explains qualita-
tively the formation of shock waves and the changes in
its nature with the change of flow velocity. Moreover,
the model also validates the variation of experimentally
obtained amplitude and width of shock fronts. An effect
of dust-neutral collision is also introduced to delineate
the exact dissipation mechanism. Our experimental ob-
servation of shock formation in a flowing dusty plasma
besides providing insights into the nonlinear dynamics of
complex plasmas, can also be of potential value in un-
derstanding shock phenomena in space plasmas such as
during solar wind interactions with the earth as well as in
astrophysical scenarios where shock waves are a common
occurrence in galactic dust clouds during the early stages
of star formation.
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